Mexico is a large producer of table grape (Vitis vinifera L.) and therefore it is important to develop protocols to store the grape varieties germplasm. The objective of the present work was to design a protocol for the cryopreservation by vitrification of zygotic embryos of V. vinifera cv. "Red Globe" and evaluate possible epigenetics changes. The plant vitrification solution 2 (PVS2) was utilized before the utilization of liquid nitrogen (LN). The effect of this protocol on embryo viability was tested by the triphenyl-tetrazolium chloride solution, as well as by the in vitro development of grape embryos into plantlet. A cDNA expression library of grape zygotic embryos was created to isolate expressed sequence tags of several DNA methyltrasferases. Gene expression of domains rearranged methyltransferase type 1 (DMR1) and DNA (cytosine-5)-methyltransferase 1 (MET1-2) isozymes was analyzed by quantitative reverse transcriptase PCR. The optimal conditions for vitrification were 10 min in 50% PVS2, followed by 10 min in 100% PVS2. Under these conditions, about 30% of plantlet was obtained from embryos after cryopreservation. It was recorded a reduction in the MET1-2 gene expression, which plays a role in the maintenance of DNA methylation. It is possible to cryopreserve viable grape zygotic embryos, although the treatment seems to induce alterations in the normal DNA methylation pattern of the zygotic embryo genome.
Introduction


The grape (Vitis vinifera L.) is a crop with great economic importance in the world mainly due to the diverse range of foods and beverages that can be prepared with the fruit and the nutritional and health benefits [1] [2] [3] . Mexico is an important producer and exporter of table grape in the world, and Sonora state accounts for 75% of the total table grape production of Mexico. The Sonora's grape production is based in four varieties: "Flame", "Perlette", "Superior" and changes in the plant DNA methylation pattern and alter the final phenotype of the plant [8, 9] . The modification of the gene expression induced by changes in the DNA methylation pattern is known as epigenetic alteration. This alteration in the genome regulation is not related with changes in the DNA sequence [10] . There are several epigenetic mechanisms, such as histone acetylation and deacetylation, chromatin remodeling, interference of RNA and DNA methylation [11] . Further, DNA methylation can control replication, transcription, recombination, DNA repair and gene transposition. Also, it is involved in tissue differentiation, gene silencing and genome responses to abiotic or biotic stress [12] . From above, it is very important to analyze the possible effects of any cryopreservation treatment on genomic DNA methylation.
The plant vitrification solution 2 (PVS2) had been utilized in the cryopreservation of different plant species since 1980 [13] . The changes in the DNA methylation pattern had been reported due to cryopreservation protocols in both vegetable [8] and animal cells [14] .
The genomic DNA methylation is catalyzed by enzymes known as plant cytosine DNA methyltransferases. They are classified into four families: 5-cytosine DNA methyltransferases type 1 family (MET1), chromatin organization modifier 5-cytosine methyltransferase (CMT), domains rearranged methyltransferases (DRM) and DNA methyltransferase homologue 2 (DNMT2). The enzymes of the families DRM and CMT play a role in the methylation de novo of the genomic DNA, whereas the MET family functions by keeping the methylation pattern. Furthermore, the role of the DNMT2 family is not well understood [15, 16] .
It was reported that the DNA methyltransferases play a role in several phenomena of plant development, such a cell division in carrot [17] , peach [18] and rice [19] . Also, they were shown to play a role in the growth and development of wheat [15] . In agreement with this, the inhibition of DNA methyltransferases alteration in the normal growth and cell differentiation in Physcomitrella patens [20] .
From above, it was decided to work in the vitrification cryopreservation of grape zygotic embryos to avoid methylation changes related with tissue development. The grape cultivar "Red Globe" was chosen, because the seeds of this cultivar are known to be recalcitrant [21] and it had been reported a reduction in the germination of seeds stored in LN [22] . Thus, the objective of this research was to develop a vitrification cryopreservation treatment for zygotic embryos of grape (V. vinifera L. cv. "Red Globe") and study the treatment effect on the expression of genes encoding DNA methyltransferases.
Materials and Methods
Plant Materials
The experiment was carried out using zygotic embryos of the grape variety "Red Globe". The grape berries were obtained from the Association of Local Agricultural Producers of Table Grape at Hermosillo (México). Before the removal of the embryos, the seeds were pre-treated with 1 mg/mL of gibberellic acid (AG3) during 24 h at 25 °C with the goal to break embryo dormancy [23] . After this treatment, in a laminar flow hood, the seeds were surface sterilized using sequentially alcohol solution at 70% during 1 min and a solution containing 1.5% of sodium hypochlorite in water during 7 min. After, they were washed with sterilized distilled water and collocated under a stereo microscope to remove the embryos with a sterile disposable surgical scalpel.
Vitrification Treatments
The vitrification treatments were carried out utilizing the plant vitrification solution 2 (PVS2) consisting of 30% (w/v) of glycerol, 15% (w/v) of ethylene glycol, 15% (w/v) of dimethyl sulfoxide in a 0.4 M sucrose solution with a pH of 5.8 [24] . The vitrification of the embryos was done by embryo immersion in the PVS2 solution using a 1.5 mL cryotubes. Five vitrification treatments were designed and other two were obtained from literature: V 1 [25] and V 4 [26] . V 1 treatment was 180 min in 100% of PVS2 at 25 °C; V 2 treatment was 60 min in 50% of PVS2 at 25 °C and 120 min in 100% of PVS2 at 0 °C; V 3 treatment was 60 min in 50% of PVS2 at 25 °C and 60 min in 100% of PVS2 at 0 °C; V 4 treatment was 50 min in 50% of PVS2 at 25 °C and 30 min in 100% of PVS2 at 0 °C; V 5 treatment was 10 min in 50% of PVS2 at 25 °C and 10 min in 100% of PVS2 at 0 °C; V 6 treatment was 5 min in 50% of PVS2 at 25 °C and 5 min in 100 % of PVS2 at 0 °C; V 7 treatment was 1 min in 50% of PVS2 at 25 °C and 1 min in 100% of PVS2 at 0 °C.
Cryopreservation Treatments
After the vitrification treatment V 4 , the PVS2 solution was almost completely eliminated, and the embryos kept in the Eppendorf tube were cryopreserved by immersion in LN [7] during 10 s, 1 h, 1 d, one week or one month. Also, treatments V 5 and V 7 were cryopreserved in the same way but only by 30 min. The positive control was grape zygotic embryos without vitrification and without cryopreservation, and the negative control were embryos cryopreserved without vitrification treatment.
Assessment of the Effect of Vitrification and Cryopreservation Treatments on Grape Embryo Viability
The embryo viability in this experiment was evaluated by either using the 2,3,5-triphenyl-tetrazolium chloride solution (TTC) as described by Grzybowski et al. [27] or by inducing the embryo development into a plantlet in vitro [28] . The TTC protocol was utilized to evaluate embryo viability after vitrification with the treatments V 1 , V 2 , V 3 and V 4 . Also, this protocol was utilized after vitrification and cryopreservation with the V 4 treatment, followed by The experiment of analysis of embryo viability by using the TTC protocol was carried out in triplicate.
The protocol for the in vitro grape embryo development was carried out essentially as reported in Ref. [28] . This protocol was carried out to evaluate the effect of the vitrification treatments V 4 , V 5 , V 6 and V 7 on embryo viability. The experimental unit in this experiment was 12 embryos and it was carried out in duplicate.
mRNA Extraction and cDNA Expression Library Creation
Zygotic embryos were frozen with LN and powdered using a micropistil. Total RNA was isolated from the tissue using the RNeasy kit, following the instructions of the manufacturer (QIAGEN México, S. de R.L. de C.V.). The concentration of RNA was assessed with a spectrophotometer NanoDrop ND-1000 UV-Vis (NanoDrop products, 3411 Silverside Road, Bancroft Building, Wilmington, DE 19810, USA) and the quality by agarose gel electrophoresis with 1% of buffer TAE and observation with UV-transilluminator after GelRed staining. The cDNA expression library was created using the SMARTer PCR cDNA synthesis kit, following the instructions of the manufacturer (Clontech Laboratories, Mountain View, CA 94043, USA).
Isolation of Expressed Sequence Tags (ESTs) Coding for DNA Methyltransferase Enzymes
In order to find ESTs encoding grape DNA methyltransferases, an alignment using the ClustalW 
Quantification of DNA Methyltransferases Gene Expression
The DNA sequences obtained were analyzed with the deduced aminoacid sequence using the BLASTX algorithm [30] against the non-redundant database of the National Center for Biotechnology Information (NCBI). It was isolated two ESTs belonging to the family of DRM , designated as DRM1 and DRM2 with NCBI accession numbers of JZ923779 and JZ923780, respectively. Also, two ESTs of the family of MET, designated as MET1 and MET1-2 with NCBI accession numbers of JZ923781 and JZ923782, respectively, as well as one EST belonging to the family of CMT designated as CMT3 with NCBI accession number of JZ923778. Other characteristics of the ESTs sequences are included in Table 2 .
With the sequences of the grape DNA methyltransferase genes obtained, oligonucleotides were designed using the software PrimerQuest from Integrated DNA Technologies to carry out the quantification of two genes expression level: one from the family MET1 and one from the family DRM1. vinifera encoding the glyceraldehyde-3-phosphate dehydrogenase enzyme as a reference [31] . 
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Statistical Analysis
The effect of vitrification and cryopreservation on embryo viability and relative gene expression was analyzed by one way variance analysis based on a completely randomized design with 95% of confidence. 
Results
Effect of the Vitrification on Embryo Viability
In Fig. 1 2). Based on the results of the last experiment described, it was decided to reduce the vitrification time.
Effect of the Vitrification on Plantlet Regeneration
As shown in Fig. 3 , the treatment with the highest plantlet development was the V 7 treatment with 58.33% ± 8.33%. It was statistically lower as compared with the control which showed a 79.13% ± 3.8% of plantlet regeneration, but higher (P < 0.05) than V 5 treatment which showed a 37.17% ± 3.8%. Based on the results, it was decided to test the effect of the best two vitrification treatments in combination with cryopreservation on embryo assessed by the protocol of plantlet development.
Based on the results of the embryos without vitrification and cryopreserved (negative control) in was V 5 . After vitrification, V 5 treatment showed an embryo development percentage of 37.94% ± 4.16%, and after 30 min of cryopreservation, the percentage was 29.16% ± 4.16% which was not statistically different (P > 0.05). In contrast, after vitrification with V 7 treatment, it was recorded a value of 58.33% ± 8.33% and after cryopreservation for 30 min, it was recorded 4.16% which is statistically lower (P < 0.05). Also, both V 5 and V 7 vitrification treatment showed a lower value (P < 0.05) as compared with the positive control.
Effect of the Vitrification on the Expression Level of DNA Methyltransferases
In order to measure the gene message levels using the approach of comparative ∆∆Ct, a dilution series of the genes MET1-2, DRM1 and the reference gene glyceraldehyde 3-phosphate dehydrogenase (GADPH)
Vitrification treatment
One week One month
Cryopreservation time Embryo viability (%) Embryo viability (%)
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The efficiency for DRM1 and MET1-2 was between 
Discussion
Because there are very few manuscripts, to our knowledge, describing the cryopreservation of grape zygotic embryos, the results of this work will be discussed with results of similar experiments carried out in other plant species and tissues. In this experiment, for first time, a vitrification cryopreservation protocol was developed for grape zygotic embryos, to our knowledge. It was found that the utilization of 100% PVS2 solution only for longer times can damage the embryos as assessed by the TTC protocol. Further, it was recorded better embryo viability by using 50% of PVS2 before exposure to 100% of PVS2 by using the TTC protocol (Fig. 1) . However, after finding the best vitrification conditions among four different treatments using the TTC protocol (V 4 treatment), it was recorded that this treatment reduced the viability of embryos after either 1 h or one month in LN (Fig. 2) .
In contrast with this experiment data, shoot tips of Carica papaya cultivars "70" and "B2" exposed to 20% PVS2 solution for 60 min, followed by 100% PVS2 for 20 min and stored at LN during 2, 6, 12 and 18 months showed no effects on leaf and shoot development from shoot tips [32] . It was reported that the amount of ice formation is much lower using 60 min of PVS2 exposure time [33] . However, in the present experiment, it was recorded a better embryo viability using lower concentration of PVS2 and short exposure time. The negative effects observed with larger exposure times to the PVS2 solution can be explained by the fact that glycerol is more toxic to plant cells in the presence of ethylene glycol and dimethyl sulfoxide, which are components of the PVS2 [34] . Besides, it appears that 15% of dimethyl sulfoxide in the PVS2 solution can damage the plant tissues [35] . Indeed, the reduction in the amount of dimethyl sulfoxide from 15% to 10% and 5% in the PVS2 solution, improved the regeneration of Loxocarya cinerea shoot tips genotype SXH404 from 20% to almost 60%, respectively [33] . min, did not show any alterations in the tissue morphology [36] .
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The V 5 and V 7 treatments induced less damage to the embryos as evaluated by plantlet development (Fig. 3) . However, after testing the cryoprotective properties of V 5 and V 7 treatments using LN during 30 min, it was recorded that V 5 treatment protected better the embryos against the cryopreservation damage (Fig. 4) . These results clearly showed that longer times of PVS2 exposure protect better the plant tissue. In agreement with this results, shoot tips of C. papaya genotypes "Z6", "97", "TS2" and "35" treated during 20 min with 20% PVS2 and during 20 min with 100% PVS2 before cryopreservation in LN showed a 60% of plantlet recovery [39] . In contrast, it was recorded an inverse relationship between the exposure time to PVS2 during 30, 60 and 90 min and the development of C. papaya zygotic embryos, in such a way that after 90 min, the embryo failed completely to develop [40] .
There are not reports in the literature studying the effect on genes encoding DNA methyltransferase enzymes of grapes in response to vitrification and cryopreservation, to our knowledge. Because of this, the similar studies in other plant species and tissues will be utilized.
It is clear that cryopreservation can induce alterations at the level of genome DNA methylation. It was recorded alteration in the methylation of a 2.55 kb fragment of the rDNA region in shoot cultures of Solanum tuberosum cultivar "Golden Wonder" by using restriction fragment length polymorphism. The tissues were treated during 1 h with MS 1× including 10% of dimethyl sulfoxide before cryopreservation [41] . Also, analysis of 5-methylcytosine changes of the cryotolerant Ribes nigrum cv. "Ben More" and "Ben Tron" and the cryosensitives species R. sanguineum cv. "King Edward VII" and R. ciliatum showed an increase and decrease of the methylation percentage of the genomic DNA, respectively, after encapsulation-dehydration and cryopreservation [42] .
It was recorded lower expression in V 7 -120 treatment and down regulation for V 7 and V 7 -30 treatments, with respect to the positive control in the gene MET1-2. This gene plays a role in the maintenance of DNA methylation pattern. Further, no statistical differences (P > 0.05) were found for V 5 treatment after cryopreservation during 30 min (Fig. 5) . However, it was recorded down regulation in V 5 and V 5 -120 treatments. These results suggest that both V 5 and V 7 vitrification cryopreservation treatments could induce a change in the normal DNA methylation pattern, by reducing the enzyme activity which maintains the DNA methylation pattern, although more experimental evidences are needed to support this statement. However, shoot tips of C. papaya cultivar "97" treated during 20 min with 20% PVS2 and during 20 min with 100% PVS2 before cryopreservation showed a methylation marker variation of 2.13%, evaluated by using amplified DNA methylation polymorphism technique [39] . Also, analyses using the protocol of methylation-sensitive amplified polymorphism shoot tips in Malus pumila cv. "M26" subjected to encapsulation-dehydration procedure and cryopreservation with 100% PVS2 solution found a reduction in the methylation in five sites of the genomic DNA [43] . Besides, reduction in the methylation in one site of genomic DNA was found in shoot tips of M. pumila cv. "Joho" subjected to same treatment [43] .
In the case of the DRM1 gene, which plays a role altering the DNA methylation pattern de novo, it was recorded the same level of expression in V 7 treatment or a down regulation in the case of V 5 treatment (Fig. 6) . These results suggested that no changes in the DNA methylation pattern de novo were induced by the vitrification and cryopreservation treatments of this experiment, although more experimental evidences are needed. In agreement, analyses using the protocol of methylation-sensitive amplified polymorphism in shoot tips in M. pumila cv. "M26" and "Joho" subjected to encapsulation-dehydration procedure and cryopreservation with 100% PVS2 solution did not find de novo changes in the level of genome methylation [43, 44] .
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Conclusions
It was possible to develop a vitrification cryopreservation procedure for zygotic embryos of V. vinifera cv "Red Globe" using the PVS2 solution at two different concentrations. Furthermore, it was possible to demonstrate the transcriptional activity of several DNA methyltransferase genes in the grape zygotic embryo. Also, data suggest that the vitrification cryopreservation treatment induced changes in the genome methylation by lowering the DNA methyltransferase expression which plays a role in the maintenance of the normal DNA methylation pattern.
